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Abstract

The open source software (OSS) development phenomenon appears to be a self-organizing process with
emergent properties. Such processes are difficult to understand because emergent properties are by
definition difficult to predict using traditional modeling and analytical techniques. An approach under
evaluation is to use agent-based simulation techniques to study the OSS phenomenon. We are using the
Swarm library and the Java programming language to model the self-organizing processes seen in the OSS
phenomenon.
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Introduction

The Open Source Software (OSS) movement is a prototypical example of a decentralized self-organizing process. At the
highest level of the phenomenon, there is no central control or central planning. It challenges conventional economic
assumptions, it turns conventional software engineering and project management principles inside out, it threatens traditional
proprietary software business strategies, and it presents new legal and government policy questions regarding software
licensing and intellectual property. Moreover, OSS is a major component of the IT infrastructure enabling global e-
Commerce. Open source software including BIND, sendmail, Apache, Linux, INN, GNU utilities, MySQL, PostgreSQL, and
Perl are critical components of the Internet. They enable major services hosted on the Internet, e.g., e-mail, WWW, e-
Commerce, domain name lookup. The Netcraft.com survey of 36.6 million web servers worldwide reports an over 60%
market share for the open-source web-server Apache(Netcraft, 2002).

Open Source Software Development

Open source software, by its name, implies that users have access to the source code. This distinguishes it from the recent
common practice by commercial software publishers of only releasing the binary executable versions of the software. Most
open source software is also distributed at no cost with limited restrictions on how it can be used; hence the term “free” when
used to describe open source carries two meanings: 1) free of cost and 2) free to do with the software as you wish (i.e., most
importantly — free to read, modify, and re-distribute the code).

Case studies documenting the open source software development model, although often sympathetic to that model,
point to potential lessons and benefits that may be of value to IT managers (O'Reilly, 1999; Wu, 2001). It is claimed that
open source development produces more bug-free code, faster, than closed proprietary code. Open source software
development teams are generally comprised of volunteers working not for monetary return, but for the enjoyment and pride
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of being part of a successful virtual software development project (Bollinger, 1999; Edwards, 1998; Feller, 2000; Fielding,
1999; Hars, 2001; O'Reilly, 1999; Scacchi, 2002; Wang, 2001; Wu, 2001). Team members often come from around the world
and rarely meet one another face-to-face. The open source projects are self-organized, decentralized, employ extremely rapid
code evolution, massive peer code review, and rapid releases of prototype code. Some innovative firms are beginning to
support open source development internally — still releasing for free — as a new business strategy (Hecker, 1999;
Ousterhout, 1999; Pavelick, 2000; Sharma, 2002). Many of these practices are counter intuitive and the opposite of what
conventional software engineering held as the correct processes for the production of high quality code or what business
strategists considered viable practices (Bollinger, 1999; Charles, 1998; Edwards, 1998; Fielding, 1999; Hecker, 1999;
Lawrence, 1998; O'Reilly, 1999; Ousterhout, 1999; Raymond, 1999; Sanders, 1998; Torvalds, 1999)

Several important studies on the OSS phenomenon have been conducted and provide important foundations for this
study. Feller and Fitzgerald (Feller, 2000) developed a research framework and analyzed the OSS phenomenon. Hars and Ou
(Hars, 2001) surveyed OSS developers and reported on their motivations for participation in OSS projects. Scacchi (Scacchi,
2002) has an extensive ongoing study of the socio-technical processes associated with OSS development work practices.
Wolf, et al recently released the results of a survey of 526 OSS developers from SourceForge, and 134 participants on the
Linux kernel mailing list, reporting on developer motivations and attitudes (Wolf, 2002).

Agent-Based Modeling of OSS

Prior research suggests that the OSS phenomenon can be considered a complex, self-organizing system (Axelrod, 1999;
Barabasi, 2002; Barabasi, 2000; Faloutsos, 1999; Holland, 1998; Huberman, 1999; Johnson, 2001; Kuwabara, 2000). These
systems are typically comprised of large numbers of locally interacting elements. Although the rules describing those local
interactions may be few and simple, often unexpected and difficult to predict global properties emerge. Many investigators of
such systems have found that they can only be understood through modeling, and specifically through what some researchers
call iconological modeling and structural modeling (Eve, 1997; Harvey, 1997; Kiel, 1997; Smith, 1997). The goals of these
simulation approaches can be achieved using the agent-based approach pioneered by Schelling (1978), and advanced by
Axelrod (1984), Epstein and Axtell (1996), Resnick (1994),
Cohen et al (1998), and many others. Using such models
enables social science researchers to address the modeling
difficulties of this field; social processes are complex, they
have sensitive dependence on behaviors of individual
heterogeneous agents (which are not omniscient rational
utility optimizers), and they cannot always be modeled as
systems assumed to be in static equilibrium (Axelrod,
1997a; Byrne, 1997; Epstein, 1996; Gaylord, 1998;
Goldspink, 2002). The goal of these models is not to
predict, but to develop an understanding of how and why
the elements of the system are able to produce emergent
behavior (Axelrod, 1997a; Axelrod, 1997b; Harvey, 1997,
Holland, 1998). This understanding can be obtained by
discovering the rules and mechanisms that control agent
interactions. In the simulations of OSS processes, the agents
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attribute and behavior encapsulation, information hiding, and inheritance (Epstein, 1996; Minar, 1996;
Swarm_Development Group, 2000; Terna, 1998). A screen shot of some of the GUI components associated with a prototype
Swarm simulation of OSS developers self-organizing into groups is displayed in Figure 1. The simulation will model OSS
developers as nodes and joint project membership as links. Other node-link representations are possible. Properties of the
OSS movement, collected at SourceForge.org, such as distributions of project sizes and distributions of project membership
(by developers) will be compared with distributions of the same relationships from the simulation. We report elsewhere that
those relationships have power-law relationships (Madey, 2002). One goal would be to search for simulation parameters that
generate similar power-law distributions.
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